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Trypanosoma cruzi and Leishmania mexicana and their chemical composition. Additionally, cytotoxicity to murine T-lymphocytes was evaluated for both oils and compared with the parasiticidal activity by using the selectivity index (SI) ratio.
Malaria,
Chagas disease (Trypanosomiasis Americana) and leishmaniasis are known as "tropical diseases", "endemic diseases" or "neglected diseases" and afflict millions of people, mainly from the developing world. Malaria, caused by the parasite Plasmodium falciparum, kills over 1 million people each year and contributes to 10.7% of all child deaths in these countries [7] . In Latin America, 18-20 million people are infected with Trypanosoma cruzi [8] and, worldwide, 12 million people are infected with Leishmania spp. [9] . At present, only few drugs are available for the treatment of these diseases, and, therefore, new medicines are needed to address shortcomings of the existing treatments, such as safety, efficacy, length of treatment and growing drug resistance [10] . In 2001, the WHO/IFPMA working group identified these diseases as priorities for new drugs and vaccines research and development [11] .
Natural products play a dominant role in the discovery of leads for the development of new drugs, particularly evident in the field of infectious diseases [12] . The efficacy of antiparasitic plants, extracts, herbal preparations and chemically defined molecules of natural origin has been reported extensively [13, 14] . Among secondary metabolites from plants, essential oils have shown diverse biological activities [15] [16] [17] , including antiprotozoal activity against a broad range of parasites [18] [19] [20] . Isolated terpenes, such as terpinen-4-ol, (E)-nerolidol and linalool have shown promising trypanocidal activity against bloodstream forms of T. brucei [18, 20] ; limonene was active in vitro against P. falciparum (IC 50 = 1.22 mM) and decreased the parasites' progression from the ring stage to the trophozoite stage [21] . Properties of essential oils, such as low density and rapid diffusion across cell membranes, might enhance the targeting of active components to intracellular parasites [22] .
The essential oils extracted by hydrodistillation of the aerial parts of A. tenuifolia and A. scabra were submitted to antimalarial, trypanocidal and leishmanicidal activity assays. Both oils showed significant antimalarial activity. At 100 μg/mL, A. tenuifolia and A. scrabra essential oils inhibited the growth of the chloroquine sensitive (F32) strain of P. falciparum by 100%, with IC 50 values of 3.0 and 2.8 μg/mL, respectively. A. scabra essential oil was more active than that of A. tenuifolia against the chloroquine resistant (W2) strain of P. falciparum (IC 50 = 3.0 μg/mL vs 7.0 μg/mL). The selectivity index (SI) ratio (CC 50 for murine T-lymphocytes/IC 50 ) was found to be higher for A. tenuifolia essential oil: 59.0 and 25.3 for chloroquine sensitive (F32) and chloroquine resistant (W2) strains of P. falciparum, respectively, as opposed to values of 18.6 and 17.3 for A. scabra, respectively. Only A. tenuifolia showed slight activity against T. cruzi epimastigotes (IC 50 = 59.7 μg/mL) and the concentration required for 50 % cytotoxicity (CC 50 ) was about 2 times higher than that required to affect the epimastigotes growth ( Figure 1) . None of the essential oils showed toxicity towards L. mexicana.
The compositions of the essential oils of A. tenuifolia and A. scabra were analysed by GC-FID-MS and the results are shown in Table 1 . Both oils showed qualitative and quantitative differences. Thirty-eight compounds, representing 86.7% of the hydrodistillate, were identified from A. tenuifolia oil. The sesquiterpene hydrocarbons contributed the highest percentage (46.0%). The major components were germacrene D (22.9%), bicyclogermacrene (14.2%) and viridiflorol (7.5%). From A. scabra essential oil, twenty-four compounds were identified, representing 96.6% of the total composition. Mono and sesquiterpene hydrocarbons represented more than 70% of the oil, with limonene (22.0%), caryophyllene oxide (13.8%) and (E)-caryophyllene (13.5%) as the major compounds. Only the chemical composition of A. tenuifolia essential oil has been previously studied. A very similar profile has been reported for plant material collected in the province of Corrientes (Argentina) [23] , whereas α-thujone (79.3%) was identified as the major component of a sample from Mauritius [24] . The differences between the chemical composition of the essential oils does not appear to influence significantly the antiplasmodial activity against the chloroquine sensitive (F32) strain of P. falciparum, but there was a difference in the observed activity against the chloroquine resistant (W2) strain.
The trypanocidal activity of A. tenuifolia essential oil could be due to the presence of germacrene D, since this compound has demonstrated considerable in vitro activity [25] . [26] . Trypanosoma cruzi epimastigotes, RA strain, were grown in biphasic medium, as previously described [27] . Leishmania mexicana promastigotes, strain MNYC/BZ/62/M, were grown on liver infusion tryptose (LIT) medium. Both cultures were routinely maintained by means of weekly passages at 26 and 28°C, respectively.
Animals:
Inbred female BALB/c mice (22 ± 2 g) were purchased from the Instituto Nacional de Tecnología Agropecuaria (INTA). Animals were kept according to the Guide for the Care and Use of Laboratory Animals, U.S. National Research Council.
In vitro assay for antimalarial activity: Parasites of Plasmodium falciparum were synchronized at 1% parasitemia and 2% hematocrit and distributed in a volume of 100 µL to plates of 96 wells, in duplicate. Antiplasmodial activity was evaluated at 100, 10, 1 and 0.1 μg/mL for both oils. Each dilution of the essential oils (100 µL in DMSO, at no more than 0.1% of the final concentration) was added to an individual well. Then, parasites were incubated at 37 o C for 48 h. A smear was fixed with methanol and stained with Giemsa. Antiplasmodial activity was determined by examination under a microscope, counting non-infected (GRL) and infected red cells (GRI) in order to obtain the inhibition percentage: % Inh. = (GRL -GRI) * 100/ GRL The inhibition concentration for 50% schizont ripening (IC 50 ) was carried out by a graphic method using the program CRIKET GRAPH 1.3.
In vitro assay for trypanocidal activity: Growth inhibition of T. cruzi epimastigotes was evaluated for A. tenuifolia and A. scabra essential oils dissolved in LIT medium (supplemented with 10% decomplemented fetal bovine serum, 100 U/mL penicillin and 100 µg/mL streptomycin), at final concentrations ranging from 1 to 500 μg/mL. Exponentially growing parasites were harvested and adjusted to a cell density of 1.5 x 10 6 parasites/mL in fresh medium. Parasites were allowed to grow at 28°C for 72 h in either medium alone or in the presence of different concentrations of the oils (tested in triplicate for each of the 6 concentrations analyzed). Parasites were allowed to grow with the addition of ( 3 H)thymidine for the last 16 h of culture [6] . The percentage inhibition was calculated as 100 -[(cpm of treated parasites/cpm of no treated parasites) x 100]. The concentration of the oils at which the parasite growth was inhibited by 50% (IC 50 ) was calculated at 72 h. Benznidazole (5 to 20 µM) was used as positive control.
In vitro assay for leishmanicidal activity: Growth inhibition of L. mexicana promastigotes was evaluated for essential oils as previously described for T. cruzi epimastigotes. Amphotericin B (0.27, 0.4, 0.8, 1.6 µM) was used as positive control.
Cytotoxicity assay: Lymphoid cell suspensions were obtained from the lymph nodes of BALB/c mice, as previously reported [28] . Briefly, T-cell enriched populations were obtained by passage of the cell suspension through a nylon wool column. T-cell presence was higher than 97%, as checked by lysis with anti-Thy plus complement and by indirect immunofluorescence. Cells were cultured at a concentration of 2 x 10 6 cells/mL in RPMI 1640 medium (GIBCO) supplemented with 10% fetal calf serum, 2 mM glutamine, 100 U/mL penicillin and 100 μg/mL streptomycin. Cells were adjusted to a final volume of 0.2 mL per well in a 96-well microtiter plate and cultured at 37°C in a 5% CO 2 atmosphere for 2, 24, 48 and 72 h. Cell viability was determined by the trypan blue exclusion method in the absence and presence of increasing concentrations of the oils (10 -1000 µg/mL).
Gas chromatographic analysis: GC-FID-MS analysis was carried out on a Perkin Elmer Clarus 500, with one injector (split ratio: 1:100) connected by a flow splitter to two capillary columns: a) polyethyleneglycol PM ca. 20.000 and b) 5% phenyl-95% methyl silicone, both 60 m x 0.25 mm with 25μ of fixed phase. The whole system operated at a constant flow of 1.87 mL/min. Helium was used as carrier gas. The polar column was connected to a FID, while the non polar column was connected to a FID and a quadrupole mass detector (70 eV) by a vent system (MSVent™). Temperature was programmed according to the following gradient: 90ºC to 225ºC at 3ºC/min, and then isothermic for 15 min. Injector and both FIDs were set at 255ºC and 275ºC, respectively. Injection volume was 0.2 μL. Temperatures of the transference line and the ionic source were 180ºC and 150ºC, respectively; the range of masses (m/z) was 40-300 Da.
Identification of essential oil components:
This was performed by comparison of the retention indexes (relative to C 8 -C 20 n-alkanes) in both columns, by comparison with those of reference compounds, and by comparison of mass spectra using the usual libraries [29, 30] , and mass spectra obtained from the reference compounds. A relative percentage concentration of the compounds was calculated according to the area of the chromatographic peaks (FID response), assuming all of the response factors were 1. The lowest response obtained from both columns for each component was considered.
